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CHLOROFORM, once the most widely- 
used anesthetic substance, has 
now been generally discarded in 

this country, altho it is still widely 
used in Europe. In view of the newer 
and safer anesthetic methods, such as 
ether, nitrous oxide, and local enesthe- 
sia, there is now little or no justification 
of its use. Nevertheless, for experimen
tal purposes it is of great interest in pro
viding a means of investigating not only 
the fundamental question of what the 
phenomenon of anesthesia is but also the 
question of the origin of certain changes 
in the tissues which accompany to a 
more or less degree the use of every an
esthetic agent. It is a consideration of 
these changes which I wish to dwell 
upon in this article.

It has long been known that after a 
prolonged administration of chloroform 
a condition, often fatal, may manifest 
itself, from one to three days later which 
has been designated as “Late Chloro
form Poisoning.” This condition is char
acterized clinically chiefly by uncontroll
able vomiting, the presence of excessive 
quantities of acetone, aceto-acetic acid 
and increase of nitrogen in the urine, 
marked mental symptoms of drowsiness 
and coma either with or without preced
ing delirium, multiple ecchymotic hemor
rhages and occasionally icterus. At au
topsy edema, fat infiltration of the vis
cera, multiple hemorrhages and necrosis

of the central portion of the liver lobule, 
are conspicuous features.1

There has never been an adequate ex
planation of these phenomena. Yet such 
an explanation would be of the utmost 
importance, since the same changes are 
found accompanying intoxications with a 
large number of agents, including other 
narcotic substances, arsenic, salvarsan, 
phospherous and most, if not all; bacte
rial poisons. It is unnecessary to em
phasize the importance of even a partial 
explanation of not only how narcotics 
but also bacteria produce their poisonous 
effects.

In a recent article2 the author has 
shown that at least in the case of chlor
oform poisoning the evidence is strong 
that not only the necrosis of the liver 
but also the fat infiltration, the tendency 
to the production of hemorrhages and the 
edema are acid effects. With chloro
form the - responsibility probably rests 
chiefly upon hydrochloric acid which is 
formed during the destruction of chloro
form within the body. Similarly, alkyl 
halides in general not only produce these 
changes but are also capable of yielding 
halogen acids (hydrochloric, hydrobro- 
mic, hydriodic, as the case may be) in 
their matabolic breakdown. These

'E xce llen t b ibliographies on ch loroform  poisoning 
may be fou n d  in the fo llow in g  articles : Bevan,
A. D. and F avill, H. B ., Jour. Am . Med. Ass’ n ., 
1905, X L V , 6 9 1 ; W ells, H. G., A rch . Int. Med., 
1908, I. 589 ; W hipple, G. H., and Sperry, J. A . H. 
Bull. Johns HopSins H ospital, 1909, X X , 278.

2Grahara, E. A ., Jour. Exper. M ed., 1915, X X II, 
48.
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changes, however, are not limited to in
toxications with those substances which 
can split off mineral acids, but they may 
follow the administration of any sub
stance that can cause tissue asphyxia 
with its attendant accumulation of or
ganic acids. Some of the evidence favor
ing this idea will be presented here, but 
for most of the details the original arti
cle must be consulted.

The fact that these changes are read
ily obtained with chloroform and only 
with difficulty by either suggests that the 
difference in behavior of the two anes
thetic substances must be due either to 
a difference in molecular action or to a 
difference in the products formed during 
their breakdown. Now it is interesting 
that when chemically pure chloroform is 
exposed to the sun-light in the presence 
of oxygen, hydrochloric acid and phos
gene are formed, as expressed thus: 

CHCl3-fO<=»HCl+COCla 
This oxidation occurs so easily that it 

has become necessary for manufacturers 
of chloroform for anesthetic purposes to 
add alcohol to it to prevent decomposi
tion. Phosgene in the presence of water 
is readily decomposed into two mole
cules of hydrochloric acid and one of 
carbon dioxide thus:

C0Cl2+ H 20«=iHCl+C0v 
Therefore it is apparent that for every 

molecule of chloroform which is oxidized 
in the presence of water three molecules 
of hydrochloric acid are formed. Fur
thermore, this decomposition of chloro
form is so easily performed that it oc
curs spontaneously. It is thus reasona
ble to suppose a priori that there is no 
reason why the decomposition might not 
occur under the conditions met within 
the body, where there is available oxy
gen and available water. It is not difficult 
to imagine that the liberation within the 
body of so strong an acid as hydrochloric 
might induce severe disturbances. With 
these facts and considerations in view 
the hypothesis was subjected to a series

of experimental tests which may be out
lined as follows:

1. A study was undertaken of the 
morphological changes induced by hy
drochloric acid, with special reference to 
the liver, since that is the organ which 
always shows to the most extreme de
gree the changes mentioned above. 2. 
Attempts were made to demonstrate free 
hydrochloric acid in the necrotic areas in 
the livers of animals poisoned with chlor
oform. 3. Observations were made on 
the relative powers to produce these 
changes of different chlorine substitu
tion products of methane (e-g., dichlor- 
methane (CH2 Cl2), chloroform (CHC13), 
and tetrachlormethane (CC1,), which on 
theoretical grounds could be considered 
to yield different amounts of hydrochloric 
acid in their breakdown. 4. The inhibit
ing effect of alkali was studied. 5. At
tempts were made to produce the typical 
picture of chloroform poisoning by other 
alkyl halides of the same type as chloro
form, viz., bromoform (CHBr3) and iodo
form (CHI3), which might be expected to 
give analogous products in their break
down, with, however, the liberation of 
hydrochloric acid and hydriodic acid, re
spectively, instead of hydrochloric acid.
6. Experiments were made to ascertain 
whether or not morphological effects like 
those produced by chloroform can also 
be induced by alkyl halides in general, 
and whether these substances are decom
posed in the body in such a way that 
the corresponding halogen acid is liber
ated. 7. A comparative study of the 
lesions produced by chloral hydrate 

/O H )
(CC13—CH ) and chloroform (CHC1S) 

\O H )
was made, since the former substance 
yields practically no hydrochloric acid in 
its metabolic breakdown, altho it con
tains the same number of chlorine atoms 
as chloroform.

When hydrochloric acid was given in 
suitable concentration, to rabbits and 
dogs either by mouth or by injection into 
a branch of the portal vein it induced all
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the changes in the liver which are char
acteristic of chloroform poisoning except 
that the necrosis was at the peripheries 
instead of at the centers of the lobules. 
This difference in location of the ne
crosis was to be expected by the nature 
of the experimental conditions, since, ow
ing to the arrangement of the blood sup
ply, the acid entered the lobule at the 
periphery and therefore exerted its 
maximum effect at that location. The 
extensive edema which follows the ad
ministration of hydrochloric acid tends 
to confirm the well known observations 
of Martin H. Fischer3 on the imbibition 
of water by tissue colloids under the in
fluence of acids generally. The produc
tion of hemorrhages harmonizes with the 
frequency of their occurrence after tissue 
asphyxia, with its attendant formation of 
acid. In a previous paper in which it 
was shown that the various hemorrhagic 
diseases of the newly born are probably 
expressions of any asphyxiai process, I 
stated that this hemorrhagic tendency 
might be due to a “more fundamental 
and wide spread change, as a result of 
which not only fibrinogen, but innumera
ble other proteins tend to remain in so
lution, with the result that apart from 
diminished blood coagulability there is a 
great reduction in the firmness of the 
vessel walls.”4 The production of fatty 
changes in the liver with hydrochloric 
acid is in accord with an observation of 
Leathes.5 It is of great fundamental in
terest that, as shown here by the use 
of a single simple experimental agent 
(hydrochloric acid), all those changes in 
the liver may be produced which are 
characteristic not only of chloroform 
poisoning but also of bacterial action and 
intoxications with many other sub
stances.

Attempts to recognize the presence of 
free hydrochloric acid in the livers of

“̂ Oedema and N eph ritis ," John W iley  &  Sons, 
N. Y „  1915.

4Graham, E. A ., Jour. Exper. M ed., 1912, X V , 
326.

5“ The Fats,”  London, 1910, 111.

animals which had been subjected to se
vere chloroform poisoning were carried 
out in the following way: Guinea-pigs
which two days previously had been sub
jected to a deep chloroform anesthesia 
for about four hours consecutively were 
anesthetized with ether and while still 
alive portions of the liver were removed, 
cut into thin sections very quickly by 
means of a valentine knife and immersed 
in baths of different indicators on the one 
hand, and in baths of silver nitrate on 
the other. The only way by which free 
hydrochloric acid can be detected is by 
recognizing the presence of free hydro
gen ion (H +) and free chlorine ion 
(Cl ) .  For the purpose of detecting 
free hydrogen ion the best indicator was 
found to be neutral red; and by means 
of this, in some of the pigs a hydrogen 
ion content as high as 10-3 was noted, 
which greatly exceeds the amount ever 
reached in the tissues under normal con
ditions. For detecting free chlorine ion, 
the method of Macallum and Menten was 
used of observing the blackening of the 
sections after treatment with silver ni
trate and nitric acid. By means of these 
two methods it was found that the ne
crotic areas of the liver lobules contain
ed free hydrogen ion and free chlorine 
ion. The presumption therefore was 
strong that these areas contained free 
hydrochloric acid. These results, how
ever, cannot be considered conclusive 
evidence of the presence of free hydro
chloric acid, since certain other condi
tions may be present to complicate the 
results. These are more amply discussed 
in the original articled

A study of other chlorine substitution 
products of methane should be of inter
est from the standpoints of determining
(1) whether they all have the power of 
producing changes in the tissues identi
cal with those of chloroform, and (2) 
whether this property is proportional to 
the number of molecules of hydrochloric 
acid which could theoretically be derived 
from them. Chloroform, of course, is the
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Figures 1 and 2.
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tri-chlorine substitution product of me
thane. If, starting with methane (CH,), 
we should outline a series of its various 
chlorine substitution products, we might 
expect, according to the theory, that 
those which could give the largest 
amounts of hydrochloric acid in their 
breakdown would manifest the strongest 
tendencies to produce the necrosis and 
other changes. Thus a priori we might 
expect the series to run in this order: 

CH3C1<CH2C12<CHC13<CC14, 
if all these substances were equally bro
ken down in the body. The last three of 
the series (viz., CH2C12, CHCI3, CC1,) 
were selected experimentally as suffi
cient to test the tenability of this hy
pothesis. Outside of the body it had 
already been known that CC14 when 
heated with water can yield four mole
cules of hydrochloric acid, and CH2C12 
can yield two. That chloroform can 
yield three molecules of hydrochloric 
acid in its breakdown has already been 
shown above. When these various sub
stances were administered to animals 
by inhalation, it was found that not only 
did all three possess the powder to pro
duce edema, hemorrhages, fatty changes 
in the organs and central necrosis of the 
liver, but that this power was shown in 
greatest degree by tetrachlormethane 
(CC14) and least by dichlormethane 
(CH2C12). A comparison of the mini
mum fatal doses of the three substances 
when given intravenously to rabbits 
again bore out the same relationship. 
The following table shows the minimum 
fatal doses:

Thus it is evident that the power of 
these various substances to produce the 
extensive tissue changes paralleled the 
amounts of hydrochloric acid which they 
can give in their respective breakdowns 
outside of the body.

Alkali, if simultaneously administered 
with chloroform and in suitable concen
tration, ought to inhibit at least to some 
extent the production of the various 
lesions induced by chloroform if they 
are to be considered as chiefly acid ef
fects. This was found to be the case. 
When alkali was given intravenously to 
dogs simultaneously with a protracted 
chloroform anesthesia, it was found that 
it protected the dog to a large degree 
from the production of the changes. 
Fischer’s hypertonic solution of sodium 
chloride and sodium carbonate was very 
efficient in this respect when given in 
proper concentration. The illustrations 
show this protective action of the alkali.

Iodoform (CHI3) and bromoform 
(CHBrs) are so similar to chloroform 
(CHC13) in chemical structure as to sug
gest that they might have a similar pow
er to produce the characteristic morpho
logical changes of chloroform poisoning. 
Here, however, we should of course be 
dealing with an effect of hydriodic and 
hydro bromic acids, respectively, instead 
of hydrochloric acid, by the terms of the 
theory. As a matter of fact, not only do 
both of these substances induce lesions 
which are in every way identical with 
chloroform effects, but it is also possible 
to obtain some evidence that in each 
case the respective halogen acid (HBr 
and HI) is produced in the body. Strik
ing evidence of this is found in the fact

Substance Minimum fata l doses per kilo, o f  rabbit. M inimum fata l doses expressed in gram- 
m olecular concentrations.

CCI* 0.053gm. ** 0.000344

CHC13 0.085gm. 0.000711

CH2 Cl3 0.147gm. 0.00161
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Figures 3 and 4



that neutral salts of these acids are 
found in large quantities in the urine of 
animals poisoned with bromoform and 
iodoform. Also by examination of the 
necrotic areas of the livers of such ani
mals with methods similar to those pre
viously described in connection with 
chloroform, it was found that these areas 
contained a large amount of free
hydrogen ion and were therefore strong
ly acid in reaction.

The readiness with which all of the 
halogen substitution products of methane 
induced the changes made it seem likely 
that the same results would follow the 
use of similar substances of the ethane 
group. Such was found to be the case 
with each substance used. The other 
substances used were ethyl chloride, 
ethyl bromide, ethyl iodide and ethylene 
bromide. Accordingly the results sug
gest that the power to produce edema, 
hemorrhages, fatty changes in the vis
cera and central necrosis of the liver 
lobules is a property of all those chemi
cal substances which belong to the group 
of alipathic alkyl halides. In connection 
with the theory being developed here, it 
is very interesting and suggestive that 
all alipathic alkyl halides are capable of 
yielding halogen acids in the test-tube. 
That they do so also in the body seems 
to be shown by the fact that after poi
soning with all of the substances which 
were tried, the neutral salts of the re
spective halogen acids are found in large 
quantities in the urine. Nef has brought 
evidence to show that the type of disso
ciation is as follows:

For chloroform, CHCl2ç±CCl2+HCl

For ethyl chloride, C2HGC1?^CH3CH+ 
HC1 ¿ ÿ

Chlorate, altho it possesses the same 
number of chlorine atoms as does chloro
form, yet has practically no power to 
produce these changes. The reason prob-

(CCls-CH
\OH )

body is decomposed into trichlor-ethyl- 
glucuronic acid and therefore is incapa
ble of forming appreciable amounts of 
hydrochloric acid in contradistinction to 
chloroform.

Other substances to a less extent have 
the power of producing the various tissue 
changes under discussion even altho they 
have no power to yield a halogen acid 
in their breakdown. One of these sub
stances is ether. But ether, like all anes
thetic agents, interferes with the normal 
Qxygen exchange of the cell and there
fore induces a tissue asphyxia. In any 
condition of tissue asphyxia, no matter 
by what' means produced, there is an 
increased production and accumulation 
of organic acids. Probably, therefore, 
the syndrome of edema, fatty changes, 
the tendency to the production of hemor
rhages, and necrosis is always an expres
sion of the effect of an acid or of some 
agent which acts like an acid on the tis
sues.

E X P L A N A T IO N  O F P L A T E S .
Fig. 1. Typical central liver necrosis 

produced by chloroform anesthesia for 
four and one-half hours in Dog B of Ex
periment 3. Nearly all the lobule is 
affected. Microphotograph. X83.

Fig. 2. Inhibition of necrosis by the 
intravenous injection of 150 cc. of Fisch
er’s alkaline hypertonic salt solution as 
shown in Dog A of Experiment 3 which 
had received chloroform for the same 
length o f time as Dog B (Fig. 1). There 
is practically no necrosis. Only a slight 
amount of fat accumulation in the cells 
about the central vein has occurred. 
Microphotograph. X83.

Fig. 3. High power drawing of liver 
shown in Fig. 1. The necrotic cells in 
the central portion of the lobule stain in
tensely with eosin. The nuclei of the 
parenchymatous cells have disappeared; 
and only those of the capillaries are evi
dent. X 356.

Fig. 4. High power drawing of the 
liver shown in Fig. 2. There is no ap
preciable necrosis; and only a moderate 
accumulation of fat has occurred in the 
parenchymatous cells around the central 
vein. X  356.
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ably lies in the fact that chloral hjfotete^^ 
/O H ) * &

) in its breakdown in the




